Background {#Sec1}
==========

Pseudoxanthoma elasticum (PXE) is a systemic disease characterized by progressive fragmentation and calcification of the elastic fibers in connective tissues related to a mutation in the ABCC6 gene, resulting in a spectrum of pathologic changes mainly involving the dermis, the blood vessels, and the Bruch membrane \[[@CR1], [@CR2]\].

The eye is a typical target of PXE, with classic ocular signs such as *peau d'orange* degeneration, areas of chorioretinal atrophy, choroidal neovascularization, and angioid streaks \[[@CR2]--[@CR4]\]. The advent of multimodal imaging of the fundus led to the description of further signs that can be observed with fundus autofluorescence (FAF)---pattern dystrophy of the retinal pigment epithelium (RPE), pigmentary changes within the angioid streaks \[[@CR5]\], or optical coherence tomography (OCT)---diffuse vitelliform deposits, intraretinal pigment migration, pockets of non-exudative subretinal fluid \[[@CR5], [@CR6]\]. Also, multimodal imaging of the fundus in patients with PXE enable a more objective and precise classification and identification of all these findings and their severity, thus making possible to establish an accurate prognosis and therapeutic indication when needed.

The choroid has one of the highest flows in the body \[[@CR7]\]. Although Bruch membrane is thought to be particularly involved in PXE, given the systemic vascular changes related to PXE, it is rationale to believe that the choroid might somehow be involved \[[@CR8]\]. With the swept-source (SS) laser technology in OCT, high-speed scanning rate and low-sensitivity roll-off versus depth compared to conventional spectral-domain technology has been introduced \[[@CR9]\]. Thus, SS-OCT obtains a high-contrast image of the entire choroid making possible a precise delineation of the sclero-choroidal boundary \[[@CR9], [@CR10]\]. In the present study the retinal and choroidal thickness of the macular region in eyes with angioid streaks secondary to PXE were analyzed and compared with control eyes. We also evaluated the influence of the choroidal changes in cases showing NV. The use of an automated segmentation of the choroid provides an easier and accurate analysis of the choroidal thickness compared with previous reports.

Methods {#Sec2}
=======

The present study was conducted in accordance with the principles of the Declaration of Helsinki and in compliance with the local institutional review board of the Institute of Health Research at the University and Polytechnic Hospital La Fe. Informed consent was obtained from all patients.

Patients diagnosed with angioid streaks due to PXE were included in the present observational retrospective cross-sectional study performed at the University and Polytechnic Hospital La Fe. The diagnosis of PXE was previously confirmed by skin biopsy and genetic test. An age and gender matched group was used as a control group, excluding patients with history or evidence of any primary or secondary ocular disease, or history of any intraocular surgery.

All patients underwent a comprehensive ophthalmic examination including best-corrected visual acuity (BCVA) using standard early treatment of diabetic retinopathy study (ETDRS) charts (decimal scale), axial length (AL) measurement (IOLMaster 500; Carl Zeiss Meditec, Inc, Dublin, CA), and color fundus and autofluorescence photography (Visupac, Carl Zeiss Meditec Inc, Dublin, CA). All patients were scheduled for a tomographic analysis of the whole macular region with the SS-OCT (DRI OCT-1 Atlantis; Topcon, Tokyo, Japan) at 1050 nm wavelength.

Trained examiners performed the 3D raster scan modality with SS-OCT after pupil dilation. This scan protocol produces a retinal and choroidal tomography map with 512 horizontal and 256 vertical A-scans. This allows obtaining a retinal and choroidal thickness map of the entire macular area (12 × 9 mm) after an automated segmentation of the retinal layers including the choroid. The SS-OCT scans were analyzed in order to verify that the automated delineation had located the reference properly in the inner and outer boundary of the retina and the choroid. The retinal and choroidal thickness maps were overlapped to an ETDRS grid (6 × 6 mm) in order to study the different mean values of each sector (Fig. [1](#Fig1){ref-type="fig"}). The mean thickness of each sector was automatically measured within 500 microns (μm) from the center of the fovea in the central sector; 500--1500 μm from the center of the fovea in the 4 juxtafoveal sectors (nasal, inferior, temporal, and superior), and 1500--3000 μm from the center of the fovea in the 4 extrafoveal sectors (nasal, inferior, temporal, and superior).Fig. 1In the present study a modified ETDRS grid (6 × 6 mm) was used overlapped to the macular retinal and choroidal thickness maps. The grid was subdivided in nine sectors: a central sector (*C*) within the 500 μm from the fovea; 4 inner or juxtafoveal sectors within 500--1500 μm from the fovea (*iSUP*, *iTEM*, *iINF*, *iNAS*); and 4 outer or extrafoveal sectors within 1500--3000 μm from the fovea (*oSUP*, *oTEM*, *oINF*, *oNAS*)

Data were processed and the patients with PXE were subdivided into three different groups regarding the presence of neovascularization (NV) confirmed by fluorescein angiography and SS-OCT (Group 1), the presence of subretinal fluid (SRF) in the absence of NV confirmed by fluorescein angiography and SS-OCT (Group 2) or the absence of both NV and SRF (Group 3).

All data were collected in an Excel document (Microsoft^®^ Excel^®^ 2016 for Mac, version 15.14). Statistical analysis was performed using the using IBM^®^ SPSS^®^ statistics software for Mac (Version 20.0.0). Non parametric Wilconxon test was used to compared the mean retinal and choroidal thickness between PXE patients and the control group. The intergroup analysis was performed using Non parametric Kruskal--Wallis test. A p value ≤0.05 was consider statistically significant.

Results {#Sec3}
=======

Twelve eyes of 6 patients diagnosed with angioid streaks related to PXE (3 men and 3 women) with a mean age of 40.66 ± 16.25 years were included in the present study. As a control group, 30 eyes of 15 patients (7 men and 8 women) with a mean age of 41.47 ± 12.88 years (p = 0.539) were evaluated. The mean BCVA was 0.68 ± 0.29 in eyes with PXE and 1.0 in all the patients of the control group (p \< 0.001). The mean AL was 23.57 ± 0.91 mm in eyes with PXE and 23.36 ± 0.93 mm in the control group (p = 0.474). Four eyes (33.3 %) showed the presence of NV (Group 1); 2 eyes (16.7 %) evidenced the presence of SRF (Group 2); and 6 patients (50 %) showed no NV or SRF (Group 3).

The mean automatically measured macular retinal thickness was 269.03 ± 17.03 μm in eyes with PXE and 281.99 ± 12.27 μm in the control group (p = 0.038). The mean automatically measured retinal thickness of the central sector of the ETDRS grid (within 500 μm from the center of the fovea) was 231.42 ± 48.44 μm in eyes with PXE and 238.73 ± 16.12 μm in the control group (p = 0.707). The mean retinal thickness of the nasal, inferior, temporal and superior sectors, automatically measured in the juxtafoveal area (500--1500 μm from the center of the fovea), and in the extrafoveal area (1500--3000 μm from the center of the fovea) are summarized in the Table [1](#Tab1){ref-type="table"}.Table 1Mean retinal and choroidal thickness values per sectorSectorStudy eyeControl groupp valuen = (12)n = (30)*Retina*Central231.42 ± 48.44238.73 ± 16.120.707Inner nasal293.70 ± 18.31309.67 ± 13.110.018Inner inferior270.60 ± 22.05285.41 ± 13.700.048Inner temporal288.60 ± 28.38306.53 ± 13.200.111Inner superior247.30 ± 12.18260.20 ± 16.870.009Outer nasal276.90 ± 25.70296.97 ± 12.770.007Outer inferior240.60 ± 14.29259.07 ± 18.220.002Outer temporal292.20 ± 17.36309.27 ± 15.920.006Outer superior253.10 ± 13.72272.97 ± 17.190.001Mean269.03 ± 17.03281.99 ± 12.270.038*Choroid*Central225.50 ± 76.96325.63 ± 86.910.003Inner nasal188.10 ± 83.57304.20 ± 88.140.002Inner inferior133.60 ± 67.13258.00 ± 85.26\<0.001Inner temporal232.50 ± 92.56318.53 ± 81.890.011Inner superior219.70 ± 98.20313.43 ± 82.740.005Outer nasal245.50 ± 80.91315.17 ± 83.230.065Outer inferior234.40 ± 64.05296.17 ± 72.320.031Outer temporal238.80 ± 74.22314.73 ± 91.860.018Outer superior255.30 ± 82.32323.13 ± 76.620.03Mean217.27 ± 71.86307.27 ± 74.190.002Comparison between eyes with angioid streaks and the control group

The mean automatically measured macular choroidal thickness was 217.27 ± 71.86 μm in eyes with PXE and 307.26 ± 74.19 μm in the control group (p = 0.002). The mean automatically measured choroidal thickness of the central sector of the ETDRS grid (within 500 μm from the center of the fovea) was 225.50 ± 76.96 μm in eyes with PXE and 325.63 ± 86.91 μm in the control group (p = 0.001). The mean choroidal thickness of the nasal, inferior, temporal and superior sectors, automatically measured in the juxtafoveal area (500--1500 μm from the center of the fovea), and in the extrafoveal area (1500--3000 μm from the center of the fovea) are summarized in the Table [1](#Tab1){ref-type="table"}.

The intergroup analysis (comparison between patients with/without NV o SRF) did not show any significant differences in the mean macular and central automatically measured retinal or choroidal thickness (Fig. [2](#Fig2){ref-type="fig"}). These data are summarized in Table [2](#Tab2){ref-type="table"}. In addition, in the comparison of each subgroup with the control group, only Group 1 (those patients with NV) has shown statistically significant differences in the mean automatically measured macular choroidal thickness (p = 0.008) and in the mean automatically measured choroidal thickness of the central sector of the ETDRS grid (p = 0.01).Fig. 2The *first color* fundus photography (**a**) demonstrates the presence of a subfoveal choroidal neovascularization in a patient with angioid streaks due to Pseudoxantoma elasticum (Group 1). The second case (**b**) shows pigmentary changes associated to angioid streaks (Group 2). The third case (**c**) evidences the presence of angioid streaks without other association (Group 3). The retinal and choroidal thickness maps (**d**--**i**) evidence in all cases a normal topographic distribution. The swept-source OCT horizontal scan centered in the fovea in the first case (**j**) shows the presence of a subretinal fibrosis with no signs of exudative activity; the second scan (**k**) shows the presence of subretinal fluid associated with pigment migration; the third scan (**l**) shows a normal macular anatomy and the absence of NV or SRF Table 2Intergroup analysis of the retinal and choroidal thickness measured in the central sector of the ETDRS grid (within 500 μm from the center of the fovea) and the mean macular retinal and choroidal thicknessSectorGroup 1p value\*Group 2p value\*Group 3p value\*Control groupp value^≈^p valuep value^§^n = (4)n = (2)n = (6)n = (30)*Retina*Central201.00 ± 63.590.180286,50 ± 24.750.030233,33 ± 25.590.480238.73 ± 16.120.0640.0880.517Mean264.61 ± 21.150.087273.33 ± 16.180.459270.54 ± 17.080.161281.99 ± 12.270.3600.9900.520*Choroid*Central184.75 ± 30.510.010228.50 ± 51.620.120251.67 ± 98.920.120325.63 ± 86.910.1650.9900.394Mean184.42 ± 31.340.008210.11 ± 52.480.102241.56 ± 92.890.090307.27 ± 74.190.3600.9900.290\* p value: comparison between each group and the control group^≈^p value: comparison between Group 1 and Group 2^¶^p value: comparison between Group 2 and Group 3^§^p value: comparison between Group 1 and Group 3

Discussion {#Sec4}
==========

The choroid is an essential tissue for the proper function of the retina. The classical diagnostic methods including fluorescein and indocyanine green angiographies, spectral domain OCT and ultrasonography provide incomplete information regarding the anatomy and function of the choroid \[[@CR11]\]. However, the advent of new OCT devices such as enhanced depth imaging and SS-OCT has led to improve the visualization and knowledge of the choroidal anatomy in different retinal diseases \[[@CR8]\].

The role of the choroid in the pathogenesis of the ocular involvement secondary to angioid streaks due to PXE is not well understood. Ellabban et al. \[[@CR8]\] analyzed the manually measured choroidal thickness in cases of angiod streaks due to PXE and reported the presence of a thinner choroid in cases of NV associated with PXE. Other authors analyzed the changes on choroidal thickness in patients with PXE compared based on a classification of the grade of Bruch's membrane damage, concluding that the severity of the Bruch's membrane calcification was associated with thinner choroidal thickness \[[@CR12], [@CR13]\]. Our results are consistent with these findings, showing a significant thinning in cases with NV. An automatically measurement of the choroidal thickness by SS-OCT software was performed in the present study compared with previous studies analyzing the choroidal thickness with manual measuring. We found a significant decrease in the mean macular choroidal thickness and in the mean choroidal thickness measured in the central sector of the ETDRS grid in patients with NV due to PXE. Those cases with SRF or in absence of NV or SRF did not show significant differences in the choroidal thickness values compared with the control group, although the mean thickness values were lower in patients with PXE. We hypothesized that the development of NV may be related to a greater impairment of the choroidal tissue, however the direct relationship of choroidal thinning and the development of NV is still not well established. Also the analysis of qualitative changes in the choroid should be assessed over a long-term follow-up in order to evaluate the presence of dilated great choroidal vessels even in the presence of thin choroids as seen in other pathologies in the spectrum of pachychoroid diseases \[[@CR14]\].

The main limitation of the current study is the small number of patients and the lack of follow up due to the design of the study. However, our results obtained by an automatically measurement of the retinal and choroidal thickness in patients with PXE are consistent with previous reports using manual measurement of the choroid. The manual assessment of the choroidal thickness may minimize the errors related to automatic procedures, however is time consuming and may not be possible outside research projects. With the automatic measurement of the choroidal thickness provided by the SS-OCT we were able to analyze a 3D map of the entire macular area.

Conclusions {#Sec5}
===========

The automatic segmentation of the choroidal tissue in cases with PXE may provide an accurate and clinically valuable information without further analysis and processing of the images. Further studies with a larger number of patients are warranted. Also the analysis of potential changes in the choroidal thickness in patients with PXE over time should be performed in order to better understand the pathogenesis of NV in patients with angioid streaks due to PXE and its potential relationship with the grade of damage of the Bruch's membrane.

AL

:   axial length

BCVA

:   best-corrected visual acuity

ETDRS

:   early treatment of diabetic retinopathy study

FAF

:   fundus autofluorescence

NV

:   neovascularization

OCT

:   optical coherence tomography

PXE

:   pseudoxanthoma elasticum

SRF

:   subretinal fluid

SS

:   swept-source

Design of the study (RDM, RGP), conduct of the study (RDM, MAF, PHM, MDPD, RGP), collection of the data (RDM, MAF), management of the data (RDM), analysis of the data (RDM, RGP), interpretation of the data (RDM, RGP), preparation of the manuscript (RDM), review of the manuscript (RDM, MDPD, RGP), and approval of the manuscript (RDM, MAF, PHM, MDPD, RGP). All authors read and approved the final manuscript.

Availability of data and supporting materials {#FPar1}
=============================================

All data and images are available for reviewing.

Competing interests {#FPar2}
===================

The authors declare that they have no competing interests.

Consent to participate {#FPar3}
======================

Informed consent was obtained from all patients for participate in the present study.

Consent for publication {#FPar4}
=======================

Informed consent was obtained from all patients for publication of the data of the present study.

Ethics approval {#FPar5}
===============

The present study was approved by the local institutional review board of the Institute of Health Research at the University and Polytechnic Hospital La Fe.
